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Specification 



1 • Title of rh 



e Invgntinn : 



Meter for Rem-ininq Capacity in Storage Ba.te 



* * Claigis : 

(1} A meter for remaining capacity in a storage 
battery comprising .- 

- quantity of ei.crici*y deleting portion for 
detecting a ch«, qcd ou a„tit y of «l.ctric iey *nd , 
discharged quantify of clectncxty i„ satd « ro „ qe 
b««ery ao a. tQ output ch . ^ 

electricity and the di3charg e d quantify of 
electricity as digital si gna1s; 

- temperature a OMe ri« q poruon fez dcccctinq rh. 
tewparature of sa -d srorage battery so as to 
output the detected temperature as a digital 
signal ; 
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• »«,ory ffle ans that stores data and an equac , on 
required for calculating at lease on* of cne 

ti- dischargeable by u3ing =h . d « ect<yd qu-rt|ev 
of both chc chargcd diScharged _ 



the decftctfld cempcracure; 



» coital calculation processing portlon whit . h 
calculates through dx gical calculation at least 
one or eho , MBt4tJr of dischargeable electrify 
the time dischargeable by usino a signa , 

° UtPUt fr ° m S3id o« electricity detecting 

portion and said temperature detecting port:on , 
daca stored in said memory rauins , and , he 
equation; anci 



* display portion for di»p\» yint 



the dischargeable quantity o£ electricxt 



dischargeable cimc. 



3 at least one of 

y the 



(2) A meter for remaining capacity xn a storage 

ba«.ry accords, r.c claim ! ~he«in 33LC 
fmperature detecting portion comprises a 
^perature detector disced i„ the v icinicv at 
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"id storage bakery and an analog/dig*^ 
Ferrer for cc„v ming an 0utpuc ^ ^ 



go 



(3) A for r«ui„ ing capaeicy in a SC3ra 

of • Uctriciey detecting portion comprise 
quantity of electrify det«cror for d . e .« lng e ^ 
charged qu antit y of electricity and th e discharged 

° f 6leCtr by ,««.Uy «lculatanc 
both a charged current and a discharged 
-d a „ analog/digital converter for converting s , 

output fro . tne quan , icy Q , Glectrxcity ^^^^ 

into a digital quantity. 

(«> A meter for ™-.i„ ing capacity in a 5 ,ora ge 
«*««y according „ eUi „ , ^ 
temperature detector and said goan.Uy of 
electricity detector operate « aU , imC3 . M(J 
each of s.id ana.log/di ,ita ]. co,v 8rte , s . said 
digital operat.cn processing porexon. and Mid 
memory portion operate intermittently . 
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(*i A merer for remains, capacity 



in a storage 
battery according „ eUl. a . herein 

of electricity d.cr.Un, portion co mprises 

amperage detector £er d#e . c?Aag , 

*nd a discharged o.perage, „ «elog/d«.i,al 

aMl09/<li91taJ ^ * c»igi«l ,.3.,.,. 

and a calculation .eans tor C i„ e i„ t . ss . einff 
output from the analog/digiw! converter. 

C«) A meter for remaining capacity in a stor, qe 

battery according Co cl aim 5 w hftreift SAVf . 

temperature detector i-.* . 

operate at all time- « ar K ~r 

time., each el said aneloc.'di gic*i 

COnVarte "' 9aid «lcul« io „ mens, s aid d iC:Ii ' 
CaleUl " i0n procrps s i nq porT ._, , nd „ jd 
moans operate ineer*He e « ly . 

(') A meter for remaining capacity in a storage 
ba« ery according EO Bl . im « whpres(n ^ 

calculation processing portion a J™ a . rvfif „ said 
calculation mcanr. 
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battery comp rislnff . 



- *-t ity ot .l. c „ie ity <„. crif| „ porCiQn 

f««y SO as Co outptt __ the cha=flcfl ^ 
electricity dnd che discharged ^ ^ ^ 



electricity as dig x i a l 



signals ; 



signal; 



Coanccti 



* «•»,. * tB#ry capacicy ffieasuring porcion ^ 
discharge said storage battery. 



a memory means zhaz stores each kxnri daca . 

Temperature and an equation required Cor 

=ale«i ating at least one of either t „„ „ 

«itner the quantity of 
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disenable electrxcity 0r , ime dischargea£> , e ^ 
a detected t e„, per a ture by using che decerr _ Qd 
quantity of bo ,h r . he cnarged an= di3chaw 
"leccricicy aad the detects remp« r , rilrp 

a digital calculazion p«.ce., S i nq portion for 
calculating ouc , hr , lian digi . a . c • on ^ 

one of the qaanuty G - d.scr.argeaMe 
electricity and the dischargeaMe by ^.^ ^ 

signal output , rom s „ d quantizy of electrlclcv 
ducting porrion ,nc said e « p „« :ir . deteet ^ Q 

P° rtion ' data stored in r,,-,. ^ 

rea ~ a jax0 memory means, and the 

equation; and 



* diSpi3y *° CZio « to * displaying ac ieasc OM cr 

di^hargeable qUanCllies ot elecc riC i.ry , nd 
the cij** dischargeable; 



portion 



herein said digical operation processing p< 
calculates out the discharge „p ici =y at Lhe 
standard temperature by „ inq tht capacity oi said 
"orage battery d.«c-.«i « tn . of ^ 

capacity by th . scorage battery 

Portion, che 3ignai ouCput Irop) ^ cemperacure 
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Sector and the data scored in chg of 
said memory means so that t>,e discharge capacity 
« the standard r.emp.rature is scored in 3aid 
memory circuit as new data :o co.»,„ s . M for arw 
variation ,„ the tapacicy rcsu , tirg £ _ ^ ^ 
of said storage battery. 



4 



<»> A meter for remaining capacity in a storage 
battery according to claim , wherein 3aid 
temperature detecting portion C ompr A ,„ „ 
temperature detector di.p,.^, in che „ ictniCy o , 
said storage bakery and an analog/digital 
C ° nVerMr for "Arcing an output fro* th* 
temperature detector into a digital quantity. 

CO) A meter for remaining capacity in a storage 
bat-cry According to claim 9 vh.rcin said 
quantify of electricity detecting portion 
comprises a quantity of electricity detector for 
meeting the charged cu.ntity of electricity and 
thm discharged quantity of electricity by 

generally calculating botn cho ehj!iriy ^ cutrenc 
and the discharged current, and an analog/digital 
converter for conceiting an output trom the 
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quantity. 



^ meter far remaining capacity in a srcrage 
*>«cery according to cl.i« ;o wh.„ in said 
CeBPeraCUre <*««or and said quancity af 

«ch of saia analog/digits converters, said 
digital calculate pcoce, 5A „ g pocti0n . and ^ 
memory portion operate intermittently. 

A *eter for tM ,. inln , capacicy in d scorage 
Orrery .ccrs.n, to claim U wherei, said 
quantity fl f electricity detecting portion 
• co-,p ri .„ an am? . r , Qp dacectQr dat(tcc . ntj a 

charged average and a discharged am3erage , an 

from tne analog/d igital converter into a digital 
entity, and ., calculation means for cin.e 
grating the oucpuc from cne anaIog/d . g . ^ 
converter 



(13) A.meter for r. Mi „ ing capacicy ^ a 

t»tcery according to cla im ; 2 wherein „id 
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temperature detector and said current detector 
operate at all times, eac* of said ana log/c! i.g i r.., t 
converters, said calculation means, said diqit,:! 
operation processing portion, and said memory 
means operate intermi ttcnt ] y . 

(14) a meter for remaining capacity in a storage 
battery accordiny to claim 13 therein said 
digital calculation processing portion also 
serves as said calculation means . 

(15) A meter lor remaining capacity jn a storage 
battery comprising: 

a quantity of electricity detecting portion tOL 
detecting a charged quantity o£ electricity and a 
discharged quantity of electricity in said 
storage battery so as to output the charged 
quantity of electricity and the discharged 
quantity of electricity as digital signals: 

a temperature cetecting portion tor dciccung the 
tfemperature of said storage battery ao as to 
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output the detected temperature as a digital 
signal ; 



a portion for detecting the time wh i ch said 
storage battery is allowed to stand idle which 
totals such txmc and converts the ;nr*l r. Lmc m- 
a digital signal: 

a memory means that stores data and equations 
required for calculating ar least one of th* 
quantities of dischargeable electricity and -_iir. e 
dischargeable by using rh a detected quantity of 
both the charged and disch a rged elncLricity and 
Che detected temperature, as well as data, and 
the equations required for compensating for 5 «,i,« 
dischargeable quantity of electricity and said 
time 4ischa M «ble by calculating the qaantx-y u £ 

electricity sPlf-dxscharged within said time 
during which said storage battery is allowed zc 
stand idle; 

a digital calculation processing portion lor 
calculating out through digital calculation at 
least one of the quantitiea of dischargeable 
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electricity and the time dischargeable by ueing a 
signal output from said quantity of electricity 
detecting portion and said temperature detect* 
Portion, data, and tne equation stored in said 
memory means so as to compensate ioz variation ,r, 
the discharge capacity resulting from said * mlt 
discharge; and 

* display means for displaying at least one of 
either said dischargeable quantity of elec-ric- , 
or said time dischargeable. 

CIS) A meter for remaining capacity in a storage 
battery according to claim 15 wherein 5 aid 
temperature detecting portion comprises a 
temperature detector disposed in the vicinity uL 
said storage bakery an d an •n*log/di gic- i 

converter for converting an output from the 
temperature detector into a digital quantity. 

(17) A meter for remaining capacily m a storage 
battery according to claim 16 wherein s *id 
quantity of electricity detecting portion 
comprises a quantity of electricity detector for 



- 11 



SEP 2 0 1999 



FROM Mc ANDREWS. HELD. & MALLOY 



(WED) 9.22*99 1 0 : 42/ST. 1 0 : 1 6/NO. 486 1 050 1 47 P 27 



detecting the charged quantity of tl . ctricisy and 
the discharged quantity of electricir.y by 
generally calculating both 9 charged curren: d „j 
a discharged current, and -jn on* log/digici 
converter for converting an output from the 
quantity of electricity d eLecL3s ifllo 4 digitai 
quantity. 

(18, a meter for remaining capacity in a storage 
Cattery according to claim 17 wherein said 
temperature detector and s„id quantity c! 
electricity detector operate at ail times. and 
MCh ° f Said »Mlog/di,i M l convenes, said 
digital calculation processing portion, end said 
memory portion operate intermittently. 

I 19) A meter for tcwinin, capacity in a staeio . 
battery according to claim 18 uherein said 
quantity of electricity detecting portion 
comprises a current detector for detecting a 
charged current and a discharged current , am 
analog/digital eonwrtcr for converting an ., u cpu-. 
f«m the analog/digital converter into a diyical 
quantity, and a calculation means for time 
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integrating the output from 

put crom chG analog/digital 

converter. 



(20, A ™«er tor rc«*i„i Iig capacity in a Horace 
battery according rn elair. 1; ,, herern _ a , d 
temperature detector, s^a eurrr.nt detector. a,c> 
* portion for deleting the d . jrinc unicn 

said atcrage battery i, cilowod to scar.d idle 
operate at ail times< 4n<j each Qt ^ 

analog/digital converters, said calculation 

Said di *ir.al calculct.cn P rnc* Ss ^ q 
portion, and said memory at.ns operate 
intermittently. 



(21J a neter for remai, :i , ic capacity in a s ,cragc 



battery according L „ clAXa , 13 er c , ai(r 2Q ^ 
said digital calculation processing 
serves as said calculation means. 



rt-iri 
porr.ion aL^ci 



A meter for refining capacity in a storage 
Battery comprising: 



a quantity of electricity detecting portion for 
deteetiag a charged quantity of electricity and a 

- 13 - 
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discharged quantity of electricity in said 
storage battery so as to output the charged 
quantity of electricity and the discharged 
quantity of electncity as digital signals; 

a temperature dc-ecting portion for detecting the 
temperature of sai d storage battery so to 
output the detected temperature as a digital 
signal ; 



a storage battery capacity measuring portion for 
measuring the capacity of said storage batt-rv by 
connecting a dummy load to said storage b.uerv 
so as to discharge said storage battery; 

a portion for detecting the t ime wh 1C h saic 
storage battery is allowed to stand idle which 
totals such time and converts the total ti/ne into 
a digital signal r 

a memory means chat stores data and equations 
required for calculating at least one of the 
quantities ot dischargeable electricity and tine 
dischargeable by using the detected quantity of 
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both the charged and discharged electricity and 
the detected temperature, as uall J3 daca and 
the equations required for compensating for S a ic 
dischargeable quantity of electricity and 5<iid 
time dischargeable by calculating the quanciry or 
electricity so : f -dischargee w« hx „ said tiM ' 
during which s *id st0raoe bdctory ^ 
scand idler 

a digital calculation proceasinq portion for 
calculating out thrcgh digiwi =* iC t.l.,r.,- 0 „ a r. 
least one or the quantities of either 
dischargeable electricity and ;n e time 
dischargeable by Ml „ g a sxgnal OULpuL ^ ^ 
quantity of electricity detecting portion and 
said temperature detecting portion, data, and the 
equation stored in said memory means so as to 
compensate for v ariacion in tne di5cnarge 
capacity resulting Irom said self-discharge; and 

a display means for displaying at '.cast one of 
eiche* , aid dischargeable quantity or electricity 
or said' time dischargeable; 
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-herein said digital calculation processing 
portion calculates a discha^ capacity ac ^ 
standard t «« p . r «- uro by using ^ capacicy o , 
said storage battery detected in the measuromer: 
of the capacity by the storage battery capacity 
measuring portion, the temperature detected by 
said temperature detector, and the data stored ir . 
the circuit of sai d memory means so chat tho 
discharge capacity at the standard temperature ir . 
stored in said memory circuit as nc U data so as 
to compensate for variation in tho capacity 
resulting rMn - h- aging o£ sai<J storage ba _ te _ y _ 

(23, A meter for remaining capacity i n a storage 
battery according to claim 72 wherein said 
temperature detecting portion comprises ., 
temper* t.ur. d« t ««or disposed in tn e wieiniry of 
said storage battery and an analog/digital 
converter for conv erting an OUCpac £rom chg 
temperature detector into e digital quantity. 

(24) A nteter for MMi „i„, capaciry in a storaae 
battery according r.o claim 23 wherein said 
quantity of electricity detecting portion 
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COBPr " M * *"«i*y of electricity d.t.«or fox 
Erecting the charged quantity of «io«ric itv 'an 
the discharged quantity of electricity oy 
generally calculating both a charged C ua«: ar.j 
a discharged current, and 4 „ analog/ di g ical 
COnVerl ' r f ° r inverting an oucpuc £ - rom cfte 
quantity of electricity detector ift ;o a Clonal 
quantity. 

(25, A meter tor regaining capacity in . SCorage 
battery according to claim 24 w>-. ereiri Said 
temperature detector and sa.d quantity ol 
electricity detector operate e: all tim „. and 
each of said analog/digital convert, 5aid 
digital calculation prc=e, s ,ng ?3l , lon . and saifl 
»e»o ry portion operate intermittently. 

<"> A » e t: er for reiMiriing capacity . B a stQrage 
batcery according to clai™ 25 wherein ,« id 
quantity of eUctrxcity detecting portion 
comprises 4 current detector for drrocnng e 
charged curran* , nd ^ischurgeu eurrer.i, 
--log/^i,.! con v«c.r for converting an output 
fro* th e an.i n9 /di gital c on v„ t8r into a di0iCal 
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quantity, and a calculation means for time 
integrating the output £rom the analog/digital 
converter . 



A meter for remaining capacity in a scoraqe 
battery according co claim 26 wherein said 
temperature detecror. said current detector. &r.c. 
a portion for detecting the time vhich said 
storage battery is allo« 8 d to stand idle operate 
at all times, and each of said analog/digi C£ . i 
converters, said calculation means, sai.1 dLqizal 
calculation processing portion, and said memory 
means operate intermittently. 

(28) A meter for remaining capacity in a storage 

battery according lo claim 26 or claim 27 w her «in 
said digital calculation processing portion also 
serves as said calculation means. 



3 • Detailed Descr^j,^on_ 0 ^__ Lhe : nvent ior..- 



The present invention relates to a meter for remaining 
capacity iti a storage battery that displays the 
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remaining capacity and charge condition of the storage 
battery. 

Storage batteries such as nickel cadmium storage 
batteries and lead batteries havn quite recently come 
to be wrdely used as a power source for portable 
electric appliances. m any type of storage battery, 
the quantity of electricity that can be supplied 
through one charging is limited. When a y. s driven 

by such batteries for a certain period of ti.-\e, t. K .s 
battery requires charging. Tc improve av « i labii i t v 

factor of an electric appliance, it is necessary to 
know how much electricity can be supplied to ihe 
storage batteries being discharged. One device that 
meets this purpose is the remaining capacity necec . 
The conventional type of meter for remaining capacity 
directly measures the quantity ot charged anei 
discharged electricity and displays the remain in? 
capacity. In general, the remaining capacity is 
greatly affected by the temperature of the batteries 
and the charging efficiency. As a result, r.r.i accurate 
detaction of remaining capacity is not possir.o i;v zh- 
simple measurement of r .hc qaantiry of charged and 
discharged electricity, and it is necessary t= 
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compensate for the affect of -_ h . tempera™™ and 
charging efficiency. However, because conventional 
remaining capacity meters perform -his kir.d of 
compensation calculation by analog me.ans their 

precision cannot be raised, and the remaining capacity 
cannot be accurately indicated, m addition, an order 
to determine the remaining capacity .iroirately it is 
necessary to compensate for the variation in the life 
of batteries and the variation ir. capacity resulting 
from self -discharge when chey arc allowed to stand 
idle. It was extremely difficult for analog xemainir..- 
capacity meters to perform such ,:,inpensar.,on 
calculation. 

The object of the present invent-on is to provide a 
remaining capacity meter in a storage battery which can 
accurately p«rfor» compensation calculation owing, to 
the temperature of the battery, the charging 
efficiency, variation in the lif«- the battery, and the- 
se 1 f -die charge thereof and display cha remaining 
capacity vith high precision. 
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A -cr for remaining capacity in accordanc . „ ich ^ 
present invention -U1 be detailed hereunder «ith 
reference Co the embodiment show. in che drawings 



Figure l schematicaMy shows a „ embodiment xn which 

noraoe battery 



raining capacity xn a nickej cadmium s 



is displayed. Referring to Figure Ref ere nc e Wu i»b« 
1 designs a nickel cadmium storage ba tcety . a c 
larger for charging the storage battery, 3 , load ffot 
example, a portable vtr and . ^ came „ } ^ ^ 

storage battery 1, 4 a quantity of eleccrxcity „«:««.- 
for shcin, , , uanti , y of aUctricily by integcacing 
charged and dxscharged current in che storage bact.ry 
1- In the embedment shown in Figure 1, the chareer\ 
■n« the load 3 are connected to the storage batcary vx. 
a shifc-ovar s „ itcn s and tS# o£ electricity 

detector «. When t he b « tary L , cna?ge< , thfi ^ 
is connects to the battery l via the quantity of 
electricity detector 4. tfhen the battery is loaded ch, 
load 3 is connected to tne battery 1 v ia the 
electricity quantity detector 4. 

The quan-tiry ot electrxcicy aetecror 4 can comprise, 
for exan.pl*, « U r „ ictot . inEer , ed in 
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circus throu9h „ hich chargad ^ dischar9ed ^^^^ ^ 

battery passe, along u ich a potencial memocy 
corseted in parallel to the , ffidi ; r „.,. or , . The 
potential memory device outputs « volcage proportiondi 
to the -quantity of electrx= ity chat passec chr0ugrt , ? 
For e*a*ple, a den„ „ nowTl by Lhe „ a<|# ^ 

-mozyod.- manufactured by Sanyo Electric Co.. Lcd .. 
can be u.sjd as the potential ^ory d*v ice . As cne 
abov, quancity o£ eleCLriclty dev . ce 4 a cQuiomb ^ ^ 

~ the like can be used. An analcg Kignal proportloni? , 
" the quantity of charged and di,char,. rt .leetriri-.v 
obtained by t h. go3nCiry e£ el . ctrLCiry rterec __ Qr , ^ 
entered inco an anaiog/digiCal CQnverter fi . n ^ 
analog signal is co»v. Krt inco a dig , cai ^ 
quantity of electricity aetector 4 and the a„ 4loq/ 
digital converter S detect the q uafltit/ of charged 

tlCCCriCity Che quantity of di.ch.r^d .l.c.ricicy. 

Thus t„« q „ antity of electricicy deteccor 4 and chfi 

analog/digital converter « constitutes a quantity of 
electricity detecting portion 7 cnat de «cts r.he 
quantity of charged electricity and the quantity of 
discharged .l.c« ic icy and output* these c^ntxti, 
digital signals. Th« ai , ic-1 oAwiBa by eh# 
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0^01 



e . a 
curren 1 



converter 6 enters into * digital calculation 
processing portion a . 

To detect che temperature of the storage battery l. a 
temperature detector 9 is disposed iB che Vicinicy of 
the storage battery i. The temperature detector us 
in the storage battery comprises, for exan.pl 
temperature detecting device chat outputs a 
proportional to the absolute temperature, rhe 
temperature detecting de Vl « havi ng a resistance and , 
direct current power source connected in s * ri „ co it< 
thereby MAking lz po55ible co give dcro5s ^ 

resistance a voltage f or temperature detectio 
proportional to che absolute temperature. Such 
temperature detecting device includes an AO 590 
manufactured by Analog Devxces, Inc. A ce mp eratur« 
detecting .ignal given by the cetBperature datoccor , 
enters into an analog/digital converter 10 -herein the 
signal is converted into . digital signal. x „ this 
particular ^bodi^en*, the temperature detector 9 , ind 
the analog/digital converter 10 constitutes temperature 
meeting portion U .h.cn dct.ct, eh . ^ (tltul( y , 
the battery and converts the detected temperature xntc 
a digital signal. The digital signal , iven by che 



in 
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converter 10 enters into the di g i ca l calculation 
processing portion 8. 



°ata designating the number of charging. enters £ron 
*he charger 2 inco the digital calculation processing 
portion 8 . This data i= uf€d £or determin . ng = ._ Tt 
vhen the variation in tne Uf{ , of che dlBcharge 

capacity of the battery 1 is co be measu£ea . To 
measure t*e v. ri « ion in the ut€ of ^ ^ 
h-ighxeo che precision i„ the caXrul.tic, of the 
refining capacity, a dummy load 12 is provided on ik<~ 
side of the charger 2. This dummy load 12 permit 
actual measurement of the discharge capacity of the 
storage battery. The du^y load 12 t , connected ,o th,, 
storage battery each zim* a predetermined number o£ 
cha^mg operations is perf ormed . consequently, tAe 
batc.ry is di.chargcd to the termination voltage vi, 
the d™y i oad 12 Co allowUle portiOR 7 for dececc . ng 

the quantity of charged and discharged electricity to 
actually measure the discharge capacity. This «, T . a 
enters into the digital calculation processina portion 

e . 
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A memory circuit u is »o u « e(1 co 3M « data and an 
equation required for calculations performed by the 
digxcal calculation processing portion 8 . A dispiay 
portion M is connected to the output end of th , 
digital calculation processing portion 8. Onl, 
neces^ry results ou, of the result o£ che 
calculations performed Uy the digital calculator 
processing portion 3 ar e display^ on tne d isp ia, 
portion 14. 



in the remaining ca paCiC y meter show., in figure , ^ 
enalog/digiwi con,«rtcr3 fi and 10, th « <i 1?1 ui 
operation processing portion 8, and eha raernory cirCuir 
13 are driven by the storage battery l. :t is 
necessary eo mini^e the power consumed in the circuic 
of the re-aining capacity meter and to reU eve the load 
applied to the storage bactary ift ot<w M supply 
sufficient power to the ,oad 3. For this purpose, a 
timer 15 is mounted in the embodiment shown ir . ?is - urc 
1- Analog/digital courier. 5 and 10. t „. digi - al 
calculation processing portion 8, and the memory 

-he timer at , certain interval, Io r example. 3 nce in 
«very £iv e minut «, 5<s chat cheae pmztm 
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own p r .d« arainecl c.lcu^ion. A£te r the predetermined 
calculations, power supply to each device is 
automatically cur off. On the other hand, .hen . Jie 
battery 1 is allowed to stand idle w xt houc bein 9 
competed to the load 3 or the ch.ro.r 2, the timer 1? 
terminates the no V . M nc of the analog/digital converts 
6 and th« operation of the digit*! calculation 
processing portion 6. Uhen the cat.ery l , s connected 
to the load 3 or the charger 2, the time which the 
battery is allowed to stand .die ls , migrated * n d 
entered into the calculation po «i 3n 6 . : „ 

addition, when the battery, x is flowed to stand idle, 
an instruction is g iven at a certain time interval to 
the temperature detector 11 in order to detect the 
temperature of the storage battery i. The temperature 
thus detected is stored in the memory circuit 13. The 
time which the battery lf allowed tc st «nd idle and eh . 
temperature thereof during the ti<ne stored in the 
memory circuit 13 are used as data for compensating for 
th* variation in the capacity owing to self -di scharge . 
When cne battery is connected to the load J or the 
chafer 2. the digital calculation processing portion 9 
performs an operation for compensating for the 



variat 



ion in the discharge capacity owing t 
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tMe like. 



The digital calculation processing portion 8 calculates 
ac leasr one of exther -.he dischargee quantitv of 
cleccricity (renaxnxr.g cecity, or ti.e di.ch.rg.-bic. 
In addition, this porCl0n also pprfflrB3 operaciQns ^ 
calculating the charging state. ,he „*_-i.rio R i„ C h. 
life of the battery at standard --empcracire . and 
compensating for ehB variation in remaining cap^xty 
owing to self-discharge. Data and Portions reared 
tor performing these operations *re scored ir. the 
rneraory circuit 13. The data and equation stored 

therein depend on the kind of batterv -s« 

oat eery and :he sarjmeter 

selection method. For example, xn the cis . of a rlicke! 
cadmiun, storage bakery, eh . following data xs stored: 

(I) The relationship between the battery temperature 
T„rC) and the ratio f (T ) of the discharge 
capacity at the batt-ry te«perat ure during 
discharge against the discharge a'AJ.l a: the 

the standard discharge capacity) 
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i"> ^ «iac io „ sh xp ee t„.. n ehe charging efficiencv 

of the batcery and the ratio 0„/Q c cf che batterv 
temperature r t and the charged state Qe , (Ah] 
against the standard discharge capacity Q „ 

(HI, The relationship between th, r.,lf - di8ch , rg# 
current ^. [WA; and tn<? raciu Qf ^ 

temperature T b and the charge state a g . in « tne 
standard discharge capacity o t 



The at>ov e data is co be determined in adv a „ c . thrown 

t6Sting0rtheUk? - *» «-PL «f d-« ,1,. ,x„ enc 
("I) is shown in Figure 2, p igur . j dnd Figure 4 
respectively. 



incidentally, referring to Figures 3 and 4, curves a 
and b designate cases where che ba tCery StI1 p.„ tur . T< 
"and idles at o«C and 20«C, respectively. 

As described above, in , ccordanc . wlth th- 
invention, the m « m o Iy arcuu „*•«,«; .11 u « a uS od IOr 
the compensation. Kv . n when the size of the battery or 
Che load ch*ng«, th . circuic le§|iJf ^ ^ ^ 
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typ«. Only the d«« stored i„ t h. memory circuit 13 

has co toe modified. 

The digital calculation processing ?3rtlon 9 ce-ds 
-o itage values enters fro™ che -n^Iog/dig^al 
converter 6. The quaAtiCy o£ disch . r ^ eiectriCicy ^ 
chat flows chEOuqh Lhc circuit dur . ng the read . ng r . me " 
and the quantity of charged ei.crciclcy Qr arc 

calculated from the difference between r.he volzag. 
-lu. read by eh . pyr , ion 8 ^ ^ storeo ^ ^ 

~~>ry circuit 1J re.a by che sa ;i ,e purcion in the 

previous calculation and che proportional constat ox 
the v ariacion in che ouLpuc voltagfi Qf ^ e ^ 

*l*«ricity detectQr . SCorecl ift advance ^ ^ m ^ 

circuit against che quantity o£ charged and di5Charged 

ele "" City - th « foXlow ing calcuiarions are 

performed with the q „ a „u t y of electricity 0 . and Q. 
thus calculated, che temperature of the . eo „ g „ bactery 

detected by the temperature dcceccor 11. the charging 
time g lverx by the charg#e 2( th- ^.^ 

the storage battery i. tfllowecl co SLarid Adie M ^ 

data stored in che memory circuit : 3 , the above Lxme 
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being measured by the cixner IS. The result of the , 
calculations is displayed on che display portion 14. 

ID Calculation of Remaking Capacity 

When the battery 1 is discharged w ich a load 
connected to it, the remaining capacity of the 
battery is calculated and displayed, a possible 
nethod for displaying the remaining capacity 
includes one for directly displaying the quantity 
of dischargeable electricity 0r retained in The 
storage battery 1 and one for displaying the time 
dischargeable (time during which the battery can 
be discharged) as a load current. in accordance 
with che present invention, the remaining capaci-.y 
can be displayed as either of the quantity of 
diacharoeable electricity cr tin. dischargeoftle . 
Otherwise, the remaining capacity car. t>o displayed 
aa both the quantity of dischargeable capacity and 
the time dischargeable. The qucntity of 
dischargeable capacir.y Q t Ls colcul.ted be sec an 
the quantity of discharged eUarlr.rv , 
temperature T, of the battery, and che data stored 
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in the memory circuit 13 through the following 
equation : 



Q, = Q. (f (T. »-i> * Qcj . . ZQi 



herein Q„ designator the standard discharge 
capacity. Q( ,. , fte charged stace at che ccrainacio; 
of Che previous charging opr^rton fth< 
calculation o£ -.hn charged state w-n bm d<? „. 1( 



la-. 

hereinafr.er), and to. the total quent. 



:ity of 

discharge after the initiation of the press, 
charge. in addition, an example of the function ; 
(T») is shown i„ Figure 2. Incidentally, the tine 
dischargeable can be obtained by div iding che 
abOVe <J u «ntity of dischargeable electricity Q , lAhJ 
by the discharged current. Either one or bo L h ot 
the quantity of dischargeable electricity ana the- 
dischargeable time is. displayed on the display 
portion 14 . 
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(2) Calculation of the Charged scat 



The charged state of electricity ( the quantity of 
electricity charged in the stor A qp battery) i S 
calculated based on the guanticy of charged 
electricity 0e . the temperature T t o: r.hc battery, 
the charging time t . reguirec un to the aimter ofi 
times k for reading data, and the dar.a scored 
the memory circuit 13 in th« frUouir.g equ ,r,: ni 

Oe.lZ*) -0„<C h .,) -^.CT 6 ,2»i^-' ;. 0e .... (7) 



in : 



"herein Q t . designates the charged state at k 
nuaber of times of reading data. The tine of the 
initiation of che charging is represented 5y the 
following equation : 



Q« (*.) = Q... -ZQ e — f3 » ' 



Incidentally, an example of the function 

(T», 0„(T. h .,)/Q.j is shown in riqurv 1 t^ ! '~~" 
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The above charged state is calculated in ev ery 
definite time determined by the timer IS. The 
result of Che calculation is displayed on the 
display portion 14 . Thus such a display of -.he 
charged state simultaneously provides the process 
of the charging when z nlurslisy C f :•■ -oracje 
bacteries so as zc make it possible ;o P d3i ly 
predict the time when the charging process is 
completed. This facility the u.,* 7 e schedule nf 
the storage ba-.-.ery. Although, lh „ calculation or 
the charged state is absolutely required, the 
display thereof is not nece S3 arily needed. 

Upon completion of the charging of the srorage 
^ttery 1, the charged state Q ti at chec time is 
compared with the standard discharge capacity g. . 
A smaller v d i ua ia st8r#d in - he mrmoj;y cir ,. uAc l3 
as Q„. . 
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(3) Calculi for Co mpena4eing for Vari „ iQn ^ 
Capacity owing :o -.he Se lf -Discharge of the 
Sto ra<j* Battery 

The storag* battery : self -discharges r.o somG 
*egr ee „ nen no el t >ct,,ci cy is SupplAOd , Q & lQao 
Thus correct calculator, of t, e remaining 
requires The calculation of the l OS * of 
electricity o.:ng ro self-discharge S3 as Co 
compensate for such loss. che prftsanc 

lnVSntian ' * ^°«9e battery is allouQd eo 

stand idle, the charged state after che 
compensation of th . loss of eleccrjCiCy 0w ^ g ^ 
S «lf-di S charge ,s calculated at the initiation of 
the discharge ba Sed on the Orrery temperature 7. 
.he ««. t, -hich the battery ia a i lcwed to 5taml 
idle until the n umb « r of ti me , foi - .eec^ dat ^ 
and the data stored in the memory Circuic 13 using 
the following equation: 
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che case of data reading circuic , ^ ^ 

4- The charged stare at rhe initiation «f 
discharge is designated by 



Q« (T.) = Q.« - r Qd 



- (5) 



The quantity of dischargeable el.ctcicizy i s 
calculate „ iT .K tSc charge ^ rcprMfc<sR _ ed hy ^ 



(4) Calculation fo, Ccn,per. 5ating ror variation i„ the 
Capacity 0w ing zo the cha „ ge in _ he ^ ^ ^ 

Storage flattery 



In general, storage batteries gradually decrease 
in capaexty along u,ch inereas, in che ,^ ei of 
the discharge cycles Storage batter.es ore 
normally replaced by a new one w , en the ca?aciTy 
decreases -o l ess chan 50% in ^ c ^ e£ ^ 
the- capacity of ch . sto „ g . 

its life. ThuS/ when ST _ andarc . disc . h4r9e 

capacity Q e is kept at a preset le*ei. the 
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remaining capacity thus calculated generates a 
Urge error. The rollo- ing Mchod is avallable 
for approximating , he standard discharge capacity 

with regard to the capacity of the storage baccery 

ac chat poinc. 

fa) The standard discharge opacity is 

compensated tor during cal, u i atxon oy 
detex7T.ir.inc and spring in ddvance if| ch<? 
memory circuit, u th . relationship bet w een 
che deterioration in the iife of the scorage . 
battery and the period of usage ^ 
of charging and di.charqing cycle, the 
integrated quantity of discharged 

electricity, and the integrated quantity of 

stored electricity. 

fb) After the storage battery is completely 
charged, the storage battery is actually 
discharged to measure the capacity of the 
storage battery. The measured v ake is 
compensated for jn terms of cem p Crature / ^ 
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the measured „alue is used as th# s ._ andard 
discharge capacity Q m . 

In the present invention, cny of th.se .^ethorjs c .„ 
be used. In the •mbodimcnc shown in Figure- j. 
compensation for life is corned out w U h th P 
method (b) . Consequently. ift the e*bodi,ent shown 
in Figure 1, a dununy load 12 1S provide on ch* 

side of the charger 2 A'ter a. 

i.ier t.">e ? terser lottery 

is completely charged, r.S e dummy ioad 12 is 
connected to th a storag* battery i. The quanr.Uy 
of the discharged electricity is thus oetected. 
and the capacity of the storage bautory is 
actually measured. m this case, t «o methods can 
be considered as means for determining lhc 
capacity of the storage battery. : n one .-ncthod, 
the capacity o£ thc 6tora9 . faatcery ja dttceriB . ned 
from the relationship between the capacity of the 
storage battery and the discharge voltag, measured 
a«d determined in advice by ullo- inQ cnc 3torage 
battery 1 to momentarily discharge. I,, othcr 
ncthod. the capac lty ai tK « , torag(k bjttftry 1 = 
actually measured by allowing the storage battery 
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to completely discharge to termination voltage. 
In the case of nickel cadaiun. storage batteries, 
the ^ariatxon in the discharge voltage , s smaU . 
it is also very difficult to measure the capacity 
of the storage bakery. In - nis e „ todtraenr chft 
method of discharging the l^Lcry to the 
termination v 0icage . s adopced ^ actual 
measurement of the capacity of ^ c storage battery 
is Pecforned cmce when a predetermined number or 
charging operations (for example thirty tiBieaJ is 
performed. After the discharge capacity is 
measured, the storage battezy is recharged. The 
number of charging operations is counted with a 

^ E2Hnc«r_inc«porated into the charge^ J' ^ " tn " e " 

number of charging operations reaches a 
predetermined umber, a signal is transmitted to rt 
, digital calculation processing portion 8 to 

\ ideate the cime has come for the capacity of the 

| storage battery to be measured. upon receiving 

: the signal, the digital calculation processing 

1 portion g offers to the charger 2 a„ instruction 

j C ° ** r£c >™ * charging and discharging pattern in a 

cycle of measuring the capacity of the storage 
| battery, the pattern includes the following steps .- 
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chafing, complete discharging co the termination 
-olcage. and the calculation of function f ( T b , of 
the standard temperature Q„. The v a i uC nt che 
standard discharge capacity Q a thus calculated i ? 
used as a standard discharge capacity fox a 
predetermined f m»ber (for exair.pU 30 e f 

charging and discharging cycles. mcidencally. 

compensation for che discharge capacity oe 

performed every time the battery is charged. 9ut . 

1L iS Stt£f ^i«„«. if su=h cor.-pens3tj.on lH made a C 

the predetermined i-harging tines. 

As discussed above, in th . prasent inv<sntion . lh . 
standard charging capacity IS compensated for d.prndi„ q ' 
on the number of charging and discharging cycles. Thus 
it i $ possible co accuracwly detecc remaining 

capacity ev en wnen rh( . li£ , 

ot the battery is about co 

expire. it is also possible to accurately detect the 
actual capacity of the battery. Thus it is possible, 
when necessary, to display the change in en. l.fe of 
the battery in terms of the ratio of the capacity of 
the battery to the ra^d capacity. *n e n the capacity 
of the battery ha, decreased to less than a level of 
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the usage lijDit , a w „ ning be provided ^ ^ ^ 

a red lamp or the like. 

in the above emi.odi.enc. the ,«.„, ity of «i. rtrieirv 
detector 4, v niC h generar.es an output signal 
proportional to th« 7 uanu ty o£ electric i-jr. dotecr.s 
the quantity of the chargfid and discharged , ]<?c , rici ^ 
in corner Becnod( an ampecag<| ( f ^ ' 

small resistors inserted in 3 «, es into , chpr ^ d 

circuit through which charging and dx.ch.rg.r., curr.nr 
passes, My be used , to decect che chargAng ard 
discharging current. which ancers rhe iigita , 

calculation processing circuit 3. Jn uhirh tne rnargi:ig 
and discharging current is tine integrai:ed . In thia 
cim. integration process the analog/dxgiLal ce ..«:« 
f «nd the digital calculation processing port , on 8 are 
intermittently operand by che t,,,*_- iS . Thffl currcnt 

VSlUe in * c — " i«t«v.i (f or example 

5 minutes, i, ttS ed in the above time integration to 
defect the quantity of electricity ov er a pari0 d w hen 
the current value is not actually measured cn the 
assumption that curr.nr. flows unirormiy iv#ft when such 
mea»«r.«nent is not carried oat. th. v arAa tion in 

the load is S »all, the quantity of discharged 
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electxicxty ca, be calculated without fail even by , uch 
a method. Such a method e^en reduces the power 
consumed in the circuit of the remaining capacity 



meter. 



In order to ^ ody Cne conduction illusT:ra , ed ^ 
block diagram shown in FjLOUr( . 1# Such de( , iCes tor 
«ample. as the portion 7 for detecting eh . quant, cy of 
charged and discharged electricity, the temperature 
detector 11, the digit*! calculation processing portion 
8. the memory circuit 13, and the display unit 14 are 
incorporated into a u.tic to be attached to the storage 
battery 1 as accessories . When the storage battery 1 
is connected to the charger 2, the charger 2 may be 
connected to the digital calculation processing portion 
8 or the like So rnat a necassary signal is eJtchangGd 

example, a portable VTR and TV camera ) can be provided 
-ith a terminal to which the charger i 5 connected so 
that the storage battery 1 may be charged «ith the 
portion, mounted within -.he load 3 except the charging 
device .2 or uhen the- charger 1 can be mounted within 
the load 3, all portions or the construction shown m 
Figure 1 can be incorporated into the load 3. with 
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«,p~ t co d .v lc „ xxic. che a„alog,digi t al conver , er3 6 
-nd 10 chat can be either uged inside Qr Quts . de 
load. the whole unit „„ be constructed so that cnc 
analog/digital converters 6 and , o ca „ b * moanLect 
either inside or outside the load 3 . 

*n addition, each parc of the co „ stnicci!>n shown ip 
figure 1 can be arranged separably , uch «. for 
sample, a storage battery, a charger, 4nS a Load . 
Figure 5 is an embodxmenc in which each part is 
arranged separately. Referring :o r-: gure 5 . Symbols B 
C, and L des.gnate a unit arranged on the s.de of the 
^o„ge battery l, . unic dCrange<j Qn ^ ^ Qf ^ 

charger, and a unit arranged on the side of the load , 
respectively. In 0 , her ^ in chis particular 
embodiment, a temperature detector 9 and a memory 
circuit: 13 are counted c „ the side of ,:, e storiQe 
battery i so that the detector 9 and the circuit 13 
integrated in the storage* battery l. 0 n tr.e side of 
the charger 7 are mounted a quantity of cl.c t .-icity 
detector 4C. an analog/di qical conveiter SL, a dl 3 lta : 
calculation p«e«, ing portion 8, a <u sploy ?c ,„ ion : , 
and a duxmny load 12, the quantity a f electricity 
detector 4C detect, only the guar.ti.y of charged 
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electricity. On the side of the load 3 are mounts a 
quantity of electricity detector 4L, an analog/digi Cal 
converter 6L, the digital calculation processing 
portion 8. the display portion 14 and a timer 15, the 
quantity of electricity detector 4C detecting only th* 
quantity of discharged electricity . Here, the 
analog/digital converters 6C and SL also serve as 
converters Cor converting an output signal from the, 
temperature detector 9. Each analog/digital converter 
6C and 6L alternately perform, the digital conversion 
of a detected signal of the temperature and a digital 
conversion or the quantity of electricity. Since? the 
charger 2 is connected to a commercial power source, no 
timer is mounted on the side of the charger. Since the 
memory circuit 13 is required to store cora0 n data 
between the calculation upon charging and the 
calculation upon discharging. tn thi 3 particular 
embodiment, a timer is is mounted on one storage 
battery. 

In accordance with the construction she™ in Figure £. 
"nan. the battery is charged, terminals 16«, ns. »„6 
18B on juiic B on the side of -.he storage battery each 
connecting to the storage battery 1, the temperature 
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